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1. INTRODUCTION {#jmv26384-sec-0010}
===============

The severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2) that caused the coronavirus disease 2019 (COVID‐19) was discovered due to a viral pneumonia case in Wuhan in December 2019. With the spread of the epidemic disease, more and more countries and regions have successively discovered similar cases. As of 8 July 2020, the number of COVID‐19 infections worldwide has exceeded 11 million and the cumulative death toll has exceeded 530 000. Nucleic acid detection is the most direct means of diagnosing COVID‐19; however, the positive rate of real‐time reverse transcriptase‐polymerase chain reaction (RT‐PCR) detection of viral nucleic acid is 38% to 59%.[^1^](#jmv26384-bib-0001){ref-type="ref"}, [^2^](#jmv26384-bib-0002){ref-type="ref"} SARS‐CoV‐2‐specific immunoglobulin M appeared 1 week after the onset of COVID‐19 and its positive rate was 52.68% to 69%.[^3^](#jmv26384-bib-0003){ref-type="ref"}, [^4^](#jmv26384-bib-0004){ref-type="ref"} However, many countries and regions possess inadequate detection capability or the detection costs are prohibitive. COVID‐19 and influenza have similar symptoms during the early stages of the illness, resulting in many COVID‐19 cases being missed or misdiagnosed. Our study explored changes in peripheral blood parameters of patients during the early stages of COVID‐19 and influenza, and provides a reliable reference for better understanding the changes in laboratory test indicators of these patients as well as potential diagnostic markers for the COVID‐19 disease.

2. METHODS {#jmv26384-sec-0020}
==========

2.1. Study population {#jmv26384-sec-0030}
---------------------

A total of 169 patients diagnosed with COVID‐19 who were admitted to the Affiliated Hospital of Shaoxing University, Wenzhou Central Hospital, and Shaoxing People\'s Hospital from December 2019 to March 2020 were included in the present study. All COVID‐19 cases were confirmed by RT‐PCR assay of nasal and pharyngeal swab specimens. The patients with COVID‐19 were diagnosed according to the *Novel Coronavirus and Pneumonia Diagnosis and Treatment Interim Guidance Report* by the National Health Commission of the People\'s Republic of China.[^5^](#jmv26384-bib-0005){ref-type="ref"} Common cases were those who had a fever, respiratory tract symptoms, and pneumonia on imaging. Severe cases were those who had one of the following three clinical manifestations: (a) shortness of breath with a respiratory rate greater than 30 breaths/min; (b) mean oxygen saturation ≤93% in the resting state; and (c) partial pressure of arterial oxygen/oxygen concentration ≤300 mm Hg (1 mm Hg = 0.133 kPa). Severe cases also included the progressed of lesions by more than 50% within 24 to 48 hours, as detected by pulmonary imaging.

A total of 131 patients with influenza were also included in the present study. Of these, 78 patients had influenza A and 53 patients had influenza B. All influenza cases were confirmed by RT‐PCR assay of nasal and pharyngeal swab specimens. The control group was subjected to tests including clinical examination, computed tomography, hepatitis B virus‐DNA, anti‐hepatitis C virus antibody, human immunodeficiency virus antigen and antibody tests, and RT‐PCR for SARS‐CoV‐2, and the results of all tests were negative. The control group excluded respiratory diseases.

Peripheral blood from COVID‐19 and influenza patients was collected at the hospitals as part of the first examination, and the parameters measured. The study was approved by the Ethics Committee of the Affiliated Hospital of Shaoxing University (IRB‐AF‐016‐1.0).

2.2. Statistical analyses {#jmv26384-sec-0040}
-------------------------

SPSS 19.0 was used for statistical analyses. Continuous variables were expressed as mean (±standard deviation) or median (P25, P75), and were compared using an unpaired Student *t* test or the nonparametric Mann‐Whitney test. Categorical variables were presented as counts and percentages, which were compared using *χ* ^2^ statistics or Fisher\'s exact test. Single‐factor parameters (*P* \< .05) were included in the multivariate logistic regression analysis and the regression equation was constructed based on multiple factors. The receiver operating characteristic (ROC) curve was used to evaluate the efficiency of diagnosing the disease stage of the patients. Statistical significance was defined as *P* \< .05.

3. RESULTS {#jmv26384-sec-0050}
==========

3.1. Analysis of peripheral blood cell parameters from COVID‐19 and influenza patients {#jmv26384-sec-0060}
--------------------------------------------------------------------------------------

Table [1](#jmv26384-tbl-0001){ref-type="table"} lists the parameters measured in the peripheral blood of the COVID‐19 and influenza patients. Of these, there were significant differences between COVID‐19 and influenza patients in terms of age, the white blood cell (WBC) count, platelet (PLT) count, percentage of neutrophils (NE%), percentage of lymphocytes (LY%), percentage of monocytes (MO%), percentage of eosinophils (EO%), percentage of basophils (BA%), neutrophil count (NE\#), and monocyte count (MO\#).

###### 

Various parameters from the blood samples of the COVID‐19, control, common COVID‐19, severe COVID‐19, and influenza groups

                    COVID‐19 (N = 169)   Control (N = 80)   Common group (N = 145)   Severe group (N = 24)   Influenza (N = 131)   *P* [a](#jmv26384-tbl1-note-0003){ref-type="fn"}   *P* [b](#jmv26384-tbl1-note-0004){ref-type="fn"}   *P* [c](#jmv26384-tbl1-note-0005){ref-type="fn"}   *P* [d](#jmv26384-tbl1-note-0006){ref-type="fn"}   *P* [e](#jmv26384-tbl1-note-0007){ref-type="fn"}
  ----------------- -------------------- ------------------ ------------------------ ----------------------- --------------------- -------------------------------------------------- -------------------------------------------------- -------------------------------------------------- -------------------------------------------------- --------------------------------------------------
  Age, y            45.81 ± 14.84        46.0 ± 14.16       44.75 ± 14.69            52.21 ± 14.46           37.59 ± 21.19         .934                                               .022                                               .000                                               .001                                               .000
  Male, N(%)        87 (51.5)            44 (55.0)          70 (48.3)                17 (70.8)               60 (45.8)             .603                                               .041                                               .329                                               .681                                               .024
  WBC (×10^9^/L)    4.92 ± 1.75          6.43 ± 1.42        4.95 ± 1.80              4.72 ± 1.46             6.33 ± 2.35           .000                                               .543                                               .000                                               .000                                               .000
  RBC (×10^12^/L)   4.63 ± 0.50          4.60 ± 0.52        4.63 ± 0.51              4.62 ± 0.50             4.70 ± 0.65           .689                                               .918                                               .265                                               .288                                               .537
  Hb, g/L           135.44 ± 15.58       135.79 ± 15.07     135.27 ± 15.68           136.50 ± 15.24          136.69 ± 17.59        .993                                               .721                                               .515                                               .477                                               .960
  PLT (×10^9^/L)    187.79 ± 63.93       256.88 ± 56.48     191.39 ± 63.46           166.04 ± 63.73          205.12 ± 69.96        .000                                               .072                                               .026                                               .088                                               .012
  NE%               64.50 ± 11.64        59.18 ± 9.24       63.26 ± 10.97            72.04 ± 12.94           68.42 ± 14.69         .000                                               .001                                               .011                                               .001                                               .260
  LY%               26.30 ± 10.52        31.20 ± 8.58       27.38 ± 10.07            19.75 ± 11.04           21.07 ± 12.85         .000                                               .001                                               .000                                               .000                                               .638
  MO%               7.60 (6.20‐9.95)     7.20 (6.23‐8.48)   7.70 (6.35‐10.00)        6.70 (5.58‐9.55)        9.0 (7.20‐11.40)      .059                                               .224                                               .000                                               .000                                               .007
  EO%               0.60 (0.30‐1.15)     1.50 (0.80‐2.18)   0.60 (0.40‐1.20)         0.30 (0.05‐0.50)        0.40 (0.10‐1.10)      .000                                               .000                                               .038                                               .000                                               .163
  BA%               0.20 (0.10‐0.30)     0.40 (0.30‐0.70)   0.20 (0.10‐0.30)         0.10 (0.00‐0.20)        0.10 (0.10‐0.30)      .000                                               .000                                               .001                                               .000                                               .118
  NE\# (×10^9^/L)   2.93 (2.26‐3.79)     3.63 (3.01‐4.50)   2.89 (2.20‐3.79)         3.03 (2.78‐4.02)        4.26 (3.00‐5.74)      .000                                               .229                                               .000                                               .000                                               .018
  LY\# (×10^9^/L)   1.12 (0.81‐1.54)     1.92 (1.55‐2.29)   1.17 (0.86‐1.63)         0.73 (0.58‐1.01)        1.08 (0.76‐1.54)      .000                                               .000                                               .364                                               .074                                               .012
  MO\# (×10^9^/L)   0.36 (0.28‐0.48)     0.45 (0.37‐0.55)   0.36 (0.29‐0.48)         0.33 (0.22‐0.49)        0.55 (0.4‐0.71)       .000                                               .299                                               .000                                               .000                                               .000
  EO\# (×10^9^/L)   0.03 (0.01‐0.05)     0.10 (0.05‐0.14)   0.03 (0.02‐0.06)         0.01 (0.00‐0.02)        0.02 (0.01‐0.06)      .000                                               .000                                               .418                                               .107                                               .021
  BA\# (×10^9^/L)   0.01 (0.01‐0.01)     0.03 (0.02‐0.04)   0.01 (0.01‐0.02)         0.01 (0.00‐0.01)        0.01 (0.00‐0.01)      .000                                               .000                                               .359                                               .047                                               .002

*Note*: Data were expressed as mean (SD), medians (P25, P75), or N (%).

Abbreviations: BA\#, basophil count; BA%, percentage of basophil; COVID‐19, coronavirus disease 2019; EO\#, eosinophil count; EO%, percentage of eosinophil; Hb, haemoglobin; LY\#, lymphocyte count; LY%, percentage of lymphocyte; MO\#, monocyte count; MO%, percentage of monocytes; NE\#, neutrophil count; NE%, percentage of neutrophils; PLT, platelet; RBC, red blood cell; WBC, white blood cell.
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A multivariate analysis was performed to obtain the regression formula. Using stepwise forward logistic regression analysis, we found that two variables (MO\# and BA%) were independently related to COVID‐19 (Table [2](#jmv26384-tbl-0002){ref-type="table"}). Then, the logistic regression equation was used to calculate the following formula: $$\begin{array}{l}
{{\text{Joint}\text{probability}}{\left( \mathit{P} \right)} = 2.388 \times \text{BA}\% - 5.182 \times \text{MO}\#} \\
{\mspace{180mu} + \ 2.192\lbrack\text{AUC} 0.772;} \\
{95\%{{\text{CI}{(0.718 - 0.826)}}}\rbrack.} \\
\end{array}$$

###### 

Multivariate logistic regression analysis of blood routine parameters of the COVID‐19 and influenza patients

         *β* Coefficient   Odds ratio (95% CI)     *P*
  ------ ----------------- ----------------------- ------
  MO\#   −5.182            0.006 (0.001‐0.026)     .000
  BA%    2.388             10.895 (2.093‐56.700)   .005

*Note*: The values of the three variables were found to be independently associated with COVID‐19 based on the results from the logistic regression analysis.

Abbreviations: BA%, percentage of basophil; CI, confidence interval; COVID‐19, coronavirus disease 2019; MO\#, monocyte count.
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On the basis of ROC curve (Figure [1](#jmv26384-fig-0001){ref-type="fig"}), the best cutoff point for the joint probability was found to be 0.45, the diagnostic sensitivity was 71.6%, and the specificity was 74.8%. Therefore, COVID‐19 should be considered as the diagnosis when the joint probability is greater than 0.45, while influenza should be considered when the joint probability is less than 0.45.

![Receiver operating characteristic curve for the joint probability derived from the logistic regression model. AUC, area under the curve](JMV-9999-na-g001){#jmv26384-fig-0001}

The average age and the proportion of men in the severe COVID‐19 group were older and greater, respectively, than in the common COVID‐19 and influenza groups. Lymphocyte count (LY\#) and eosinophil count (EO\#) of the severe COVID‐19 group were significantly lower than in the common COVID‐19 and influenza groups. The PLT count of the severe COVID‐19 group was significantly lower than that of the common COVID‐19 group. MO%, MO\#, and NE\# of the influenza group were significantly higher than in the severe and common COVID‐19 groups. LY%, EO%, and BA% of influenza and severe COVID‐19 groups were significantly lower than in the common COVID‐19 group. NE% of influenza and severe COVID‐19 groups were significantly higher than in the common COVID‐19 group.

During the early stages of the disease, male sex, higher age, and lower lymphocyte, eosinophil, and basophil levels predicted that the COVID‐19 disease was more likely to be a severe case. Table [1](#jmv26384-tbl-0001){ref-type="table"} shows that WBC count, PLT count, LY%, EO%, BA%, LY\#, MO\#, EO\#, and basophil count (BA\#) during the early stage of COVID‐19 were significantly lower than in the control group (*P* \< .001). NE% of COVID‐19 was significantly higher than that of the control group (*P* \< .001).

3.2. Analysis of the abnormal rate of COVID‐19 and influenza {#jmv26384-sec-0070}
------------------------------------------------------------

The WBC count in the influenza group was higher than in the severe and common COVID‐19 groups, and the proportion of WBC count in the influenza group that was above the upper limit of the reference interval (9.2%) was higher than that of the common (0.7%) and severe COVID‐19 (0%) groups (Table [3](#jmv26384-tbl-0003){ref-type="table"}). The abnormal rates of NE%, LY%, and EO% in influenza and severe COVID‐19 groups were significantly higher than in the common COVID‐19 group. The percentages of LY% in influenza and severe COVID‐19 groups that were below the lower limit of the reference interval were 55.7% and 54.2, respectively, which were higher than in the common COVID‐19 group (24.1%). The proportion of EO% in the severe COVID‐19 group (62.5%) that was lower than the lower limit of the reference interval was higher than in influenza (45.8%) and common COVID‐19 (21.4%) groups. The proportion of EO\# in the severe COVID‐19 group (58.3%) that was lower than the lower limit of the reference interval was higher than in influenza (40.5%) and common COVID‐19 (22.1%) groups. The proportion of LY\# in the severe COVID‐19 group (79.2%) that was lower than the lower limit of the reference interval was higher than in influenza (52.7%) and common COVID‐19 (40%) groups. The proportion of MO\# in the influenza group (36.6%) that was higher than the upper limit of the reference interval was significantly higher than in the severe (4.2%) and common COVID‐19 (6.2%) groups.

###### 

Abnormal parameter rates from the blood samples in the common COVID‐19, severe COVID‐19, and influenza groups

                                                                    Common group (N = 145)   Severe group (N = 24)   Influenza (N = 131)   *P* [a](#jmv26384-tbl3-note-0002){ref-type="fn"}   *P* [b](#jmv26384-tbl3-note-0003){ref-type="fn"}   *P* [c](#jmv26384-tbl3-note-0004){ref-type="fn"}                                                      
  ----------------- ----------------------------------- ----------- ------------------------ ----------------------- --------------------- -------------------------------------------------- -------------------------------------------------- -------------------------------------------------- ----------- ----------- ----------- ------- ------ -------
  WBC (×10^9^/L)    3.5‐9.5                             33 (19.5)   30 (20.7)                29 (20.0)               1 (0.7)               3 (12.5)                                           3 (12.5)                                           0 (0)                                              22 (16.8)   10 (7.6)    12 (9.2)    .510    .409   .768
  RBC (×10^12^/L)   Male: 4.30‐5.80 Female: 3.80‐5.10   20 (11.8)   18 (12.4)                9 (6.2)                 9 (6.2)               2 (8.3)                                            2 (8.3)                                            0 (0)                                              28 (21.3)   18 (13.7)   10 (7.6)    .816    .046   .0169
  Hb, g/L           Male: 130‐175 Female: 115‐150       23 (13.6)   19 (13.1)                18 (12.4)               1 (0.7)               4 (16.7)                                           4 (16.7)                                           0 (0)                                              22 (16.8)   20 (15.3)   2 (1.5)     .881    .389   1.000
  PLT (×10^9^/L)    125‐350                             24 (14.2)   17 (11.7)                14 (9.7)                3 (2.1)               7 (29.2)                                           6 (25.0)                                           1 (4.2)                                            17 (13.0)   13 (9.9)    4 (3.1)     .051    .752   .062
  NE%               40.0‐75.0                           35 (20.7)   22 (15.2)                2 (1.4)                 20 (13.8)             13 (54.2)                                          1 (4.2)                                            12 (50.0)                                          51 (38.9)   8 (6.1)     43 (32.8)   .000    .000   .163
  LY%               20.0‐50.0                           50 (29.6)   36 (24.8)                35 (24.1)               1 (0.7)               14 (58.3)                                          13 (54.2)                                          1 (4.2)                                            79 (60.3)   73 (55.7)   6 (4.6)     .001    .000   .856
  MO%               3.0‐10.0                            41 (24.3)   35 (24.1)                0 (0)                   35 (24.1)             6 (25.0)                                           1 (4.2)                                            5 (20.8)                                           51 (38.9)   0 (0)       51 (38.9)   .927    .008   .193
  EO%               0.4‐8.0                             47 (27.8)   32 (22.1)                31 (21.4)               1 (0.7)               15 (62.5)                                          15 (62.5)                                          0 (0)                                              60 (45.8)   60 (45.8)   0 (0)       .000    .000   .132
  BA%               0‐1.0                               0 (0)       0 (0)                    0 (0)                   0 (0)                 0 (0)                                              0 (0)                                              0 (0)                                              0 (0)       0 (0)       0 (0)       ...     ...    ...
  NE\# (×10^9^/L)   1.8‐6.3                             26 (15.4)   21 (14.5)                18 (12.4)               3 (2.1)               5 (20.8)                                           3 (12.5)                                           2 (8.3)                                            38 (29.0)   13 (9.9)    25 (19.1)   .622    .003   .411
  LY\# (×10^9^/L)   1.1‐3.2                             80 (47.3)   61 (42.1)                58 (40.0)               3 (2.1)               19 (79.2)                                          19 (79.2)                                          0 (0)                                              71 (54.2)   69 (52.7)   2 (1.5)     .001    .044   .023
  MO\# (×10^9^/L)   0.1‐0.6                             13 (7.7)    11 (7.6)                 2 (1.4)                 9 (6.2)               2 (8.3)                                            1 (4.2)                                            1 (4.2)                                            48 (36.6)   0 (0)       48 (36.6)   1.000   .000   .006
  EO\# (×10^9^/L)   0.02‐0.52                           46 (27.2)   32 (22.1)                32 (22.1)               0 (0)                 14 (58.3)                                          14 (58.3)                                          0 (0)                                              53 (40.5)   53 (40.5)   0 (0)       .000    .001   .104
  BA\# (×10^9^/L)   0.00‐0.06                           0 (0)       0 (0)                    0 (0)                   0 (0)                 0 (0)                                              0 (0)                                              0 (0)                                              0 (0)       0 (0)       0 (0)       ...     ...    ...

Abbreviations: BA\#, basophil count; BA%, percentage of basophil; COVID‐19, coronavirus disease 2019; EO\#, eosinophil count; EO%, percentage of eosinophil; Hb, haemoglobin; LY\#, lymphocyte count; LY%, percentage of lymphocyte; MO\#, monocyte count; MO%, percentage of monocytes; NE\#, neutrophil count; NE%, percentage of neutrophils; PLT, platelet; RBC, red blood cell; WBC, white blood cell.
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3.3. Diagnostic efficacy of peripheral blood cell parameters between severe COVID‐19 and common COVID‐19 groups {#jmv26384-sec-0080}
---------------------------------------------------------------------------------------------------------------

BA%, BA\#, EO\#, EO%, LY%, and LY\# had diagnostic efficacy in the severe COVID‐19 group. The severe COVID‐19 group was set as the positive group and the common COVID‐19 group was set as the negative group. The area under the curve (AUC) of BA% was 0.765 (95% confidence interval, CI \[0.672‐0.858\], *P* \< .001); AUC of BA\# was 0.756 (95% CI \[0.661‐0.851\], *P* \< .001); AUC of EO\# was 0.746 (95% CI \[0.640‐0.852\], *P* \< .001); AUC of EO% was 0.729 (95% CI \[0.610‐0.848\], *P* \< .001); AUC of LY% was 0.726 (95% CI \[0.613‐0.838\], *P* \< .001); and AUC of LY\# was 0.726 (95% CI \[0.611‐0.841\], *P* \< .001) (Figure [2](#jmv26384-fig-0002){ref-type="fig"}).

![Receiver operating characteristic curve of the parameters from the blood samples in the severe common coronavirus disease 2019 (COVID‐19) and common COVID‐19 groups. BA\#, basophil count; BA%, percentage of basophil; EO\#, eosinophil count; EO%, percentage of eosinophil; LY\#, lymphocyte count; LY%, percentage of lymphocyte](JMV-9999-na-g002){#jmv26384-fig-0002}

3.4. Analysis of the biochemical parameters of COVID‐19 {#jmv26384-sec-0090}
-------------------------------------------------------

During the early stage of COVID‐19 disease, lower albumin (ALB) and higher C‐reactive protein (CRP), lactate dehydrogenase (LDH), gamma‐glutamyl transferase (GGT), aspartate aminotransferase (AST), and creatine kinase (CK) predicted that it was more likely to develop into severe COVID‐19 disease. Table [4](#jmv26384-tbl-0004){ref-type="table"} shows that the concentrations of total protein (TP), ALB, globulin, alkaline phosphatase, total bilirubin, blood urea nitrogen, and total cholesterol of patients in the early stages of COVID‐19 were significantly lower than those of the control group, whereas the concentrations of AST, serum creatinine, CK, CK‐myocardial band, LDH, and CRP were significantly higher than in the control group (*P* \< .05). The ratio of ALB in the COVID‐19 group above the upper reference limit was 0%. TP and ALB concentrations in the severe COVID‐19 group were significantly lower than in the common group, and the proportion of the ALB in the severe COVID‐19 group that was lower than the reference lower limit was 58.3% compared to 29.0% for the common COVID‐19 group. Alanine aminotransferase (ALT), AST, GGT, CK, LDH, and CRP concentrations in the severe COVID‐19 group were significantly higher than in the common COVID‐19 group. The ratios of CRP, LDH, GGT, and AST in the severe COVID‐19 group that were above the reference upper limit were 87.5%, 62.5%, 50.0%, and 45.8%, respectively, which were significantly higher than in the common COVID‐19 group, being 45.5%, 21.4%, 20.7%, and 15.2%, respectively (Table [5](#jmv26384-tbl-0005){ref-type="table"}).

###### 

Biochemical parameters of the COVID‐19, control, common COVID‐19, and severe COVID‐19 groups

          COVID‐19 (N = 169)    Controls (N = 80)     Statistics       *P* [a](#jmv26384-tbl4-note-0003){ref-type="fn"}   Common group (N = 145)   Severe group (N = 24)   Statistics      *P* [b](#jmv26384-tbl4-note-0004){ref-type="fn"}
  ------- --------------------- --------------------- ---------------- -------------------------------------------------- ------------------------ ----------------------- --------------- --------------------------------------------------
  TP      70.62 ± 5.94          76.15 ± 4.27          *t*  = −8.369    .000                                               71.08 ± 5.94             67.82 ± 5.23            *t*  = 2.529    .012
  ALB     41.39 ± 4.25          45.06 ± 2.25          *t*  = −8.908    .000                                               41.80 ± 4.12             38.87 ± 4.21            *t*  = 3.222    .002
  GLB     29.23 ± 3.84          31.09 ± 3.30          *t*  = −3.723    .000                                               29.28 ± 3.87             28.95 ± 3.69            *t*  = 0.403    .687
  ALT     21.1 (13.0‐32.0)      19.0 (14.0‐28.8)      *Z*  = −0.641    .522                                               18.0 (13.0‐29.0)         31.2 (24.3‐61.6)        *Z*  = −3.864   .000
  AST     24.0 (19.0‐34.1)      19.5 (17.0‐23.0)      *Z*  = −4.953    .000                                               23.0 (19.0‐31.0)         35.1 (26.3‐46.0)        *Z*  = −3.648   .000
  GGT     27.0 (16.0‐56.5)      20.0 (15.3‐32.8)      *Z*  = −1.499    .134                                               25.0 (15.0‐48.5)         55.5 (25.0‐157.8)       *Z*  = −3.929   .000
  ALP     54.0 (41.0‐64.0)      71.0 (62.0‐86.3)      *Z*  = −6.792    .000                                               54.0 (41.0‐63.5)         55.5 (40.6‐70.0)        *Z*  = −0.419   .675
  TBIL    11.3 (8.6‐15.2)       15.2 (13.1‐19.8)      *Z*  = −5.912    .000                                               11.0 (8.5‐15.1)          12.3 (8.8‐15.4)         *Z*  = −0.669   .504
  SCr     65.0 (55.0‐79.5)      58.5 (51.3‐72.8)      *Z*  = −2.244    .025                                               64.7 (54.0‐79.5)         71.3 (62.5‐80.8)        *Z*  = −1.552   .121
  BUN     3.7 (3.1‐4.4)         4.7 (3.6‐5.4)         *Z*  = −5.436    .000                                               3.6 (3.1‐4.3)            4.2 (3.2‐4.7)           *Z*  = −1.586   .113
  CK      70.7 (48.2‐113.5)     95.8 (73.0‐115.0)     *Z*  = −3.569    .000                                               70.2 (47.0‐106.0)        90.5 (66.8‐210.2)       *Z*  = −2.567   .010
  CK‐MB   12.3 (9.4‐15.7)       12.5 (10.0‐15.0)      *Z*  = −0.134    .894                                               12.3 (9.4‐15.1)          12.9 (9.0‐16.4)         *Z*  = −0.401   .689
  LDH     203.0 (164.5‐256.3)   189.5 (165.8‐210.0)   *Z *= −2.127     .033                                               198.0 (159.0‐235.5)      272.0 (221.2‐340.8)     *Z*  = −4.195   .000
  TC      3.78 ± 0.87           4.96 ± 0.83           *t*  = −10.000   .000                                               3.82 ± 0.87              3.58 ± 0.87             *t*  = 1.259    .210
  TG      1.1 (0.9‐1.7)         1.2 (0.9‐1.9)         *Z*  = −0.664    .507                                               1.1 (0.9‐1.7)            1.1 (0.8‐1.6)           *Z*  = −0.432   .665
  CRP     10.8 (3.0‐25.8)       0.3 (0.2‐1.3)         *Z*  = −9.701    .000                                               7.9 (2.3‐21.1)           37.2 (22.3‐61.8)        *Z *= −4.855    .000

*Note*: Data were expressed as mean (SD) and medians (P25, P75).

Abbreviations: ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CK, creatine kinase; CK‐MB, creatine kinase‐myocardial band; COVID‐19, coronavirus disease 2019; CRP, C‐reactive protein; GGT, gamma‐glutamyl transferase; GLB, globulin; LDH, lactate dehydrogenase; SCr, serum creatinine concentration; TBil, total bilirubin; TC, total cholesterol; TG, triglyceride; TP, total protein.
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###### 

Biochemical parameters of the common COVID‐19 and severe COVID‐19 groups

                      Common group (N = 145)   Severe group (N = 24)   *χ* ^2^     *P* [a](#jmv26384-tbl5-note-0002){ref-type="fn"}                                    
  ------- ----------- ------------------------ ----------------------- ----------- -------------------------------------------------- ----------- ----------- -------- -------
  TP      27 (16.0)   20 (13.8)                19 (13.1)               1 (0.7)     7 (29.2)                                           7 (29.2)    0 (0)       2.571    .109
  ALB     56 (33.1)   42 (29.0)                42 (29.0)               0 (0)       14 (58.3)                                          14 (58.3)   0 (0)       8.016    .005
  GLB     2 (1.2)     2 (1.4)                  0 (0)                   2 (1.4)     0 (0)                                              0 (0)       0 (0)       0.000    1.000
  ALT     32 (18.9)   25 (17.2)                5 (3.5)                 20 (13.8)   7 (29.2)                                           0 (0)       7 (29.2)    1.210    .271
  AST     36 (21.3)   24 (16.6)                2 (1.4)                 22 (15.2)   12 (50.0)                                          1 (4.2)     11 (45.8)   13.742   .000
  GGT     44 (26.0)   32 (22.1)                2 (1.4)                 30 (20.7)   12 (50.0)                                          0 (0)       12 (50.0)   8.342    .004
  ALP     35 (20.7)   27 (18.6)                24 (16.6)               3 (2.1)     8 (33.3)                                           6 (25.0)    2 (8.3)     2.714    .099
  TBIL    22 (13.0)   19 (13.1)                8 (5.5)                 11 (7.6)    3 (12.5)                                           1 (4.2)     2 (8.3)     0.000    1.000
  SCr     9 (5.3)     6 (4.1)                  4 (2.8)                 2 (1.4)     3 (12.5)                                           2 (8.3)     1 (4.2)     1.438    .230
  BUN     78 (46.2)   69 (47.6)                68 (46.9)               1 (0.7)     9 (37.5)                                           9 (37.5)    0 (0)       0.843    .359
  CK      26 (15.4)   20 (13.8)                16 (11.0)               4 (2.8)     6 (25.0)                                           0 (0)       6 (25.0)    1.219    .270
  CK‐MB   10 (5.9)    8 (5.5)                  0 (0)                   8 (5.5)     2 (8.3)                                            0 (0)       2 (8.3)     0.006    .941
  LDH     50 (29.6)   35 (24.1)                4 (2.8)                 31 (21.4)   15 (62.5)                                          0 (0)       15 (62.5)   14.546   .000
  TC      40 (23.7)   32 (22.1)                25 (17.2)               7 (4.8)     8 (33.3)                                           7 (29.2)    1 (4.2)     1.446    .229
  TG      39 (23.1)   35 (24.1)                2 (1.4)                 33 (22.8)   4 (16.7)                                           0 (0)       4 (16.7)    0.648    .421
  CRP     87 (51.5)   66 (45.5)                0 (0)                   66 (45.5)   21 (87.5)                                          0 (0)       21 (87.5)   14.530   .000

Abbreviations: ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CK, creatine kinase; CK‐MB, creatine kinase‐myocardial band; COVID‐19, coronavirus disease 2019; CRP, C‐reactive protein; GGT, gamma‐glutamyl transferase; GLB, globulin; LDH, lactate dehydrogenase; SCr, serum creatinine concentration; TBil, total bilirubin; TC, total cholesterol; TG, triglyceride; TP, total protein.
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3.5. Diagnostic efficacy of biochemical parameters between severe COVID‐19 and common COVID‐19 groups {#jmv26384-sec-0100}
-----------------------------------------------------------------------------------------------------

CRP, LDH, GGT, ALT, and AST had diagnostic efficacy for the severe COVID‐19 group. The severe COVID‐19 group was set as the positive group and the common COVID‐19 group was set as the negative group. The AUC of CRP was 0.805 (95% CI \[0.717‐0.893\], *P* \< .001); AUC of LDH was 0.770 (95% CI \[0.665‐0.874\], *P* \< .001); AUC of GGT was 0.748 (95% CI \[0.654‐0.842\], *P* \< .001); AUC of ALT was 0.746 (95% CI \[0.659‐0.833\], *P* \< .001); and AUC of AST was 0.733 (95% CI \[0.628‐0.838\], *P* \< .001) (Figure [3](#jmv26384-fig-0003){ref-type="fig"}).

![Receiver operating characteristic curves of biochemical parameters for the diagnosis of the common coronavirus disease 2019 (COVID‐19) and severe COVID‐19 groups. ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRP, C‐reactive protein; GGT, gamma‐glutamyl transferase; LDH, lactate dehydrogenase](JMV-9999-na-g003){#jmv26384-fig-0003}

4. DISCUSSION {#jmv26384-sec-0110}
=============

Coronaviruses are a large family of viruses known to cause serious diseases including the Middle East respiratory syndrome (MERS) and severe acute respiratory syndrome (SARS). SARS‐CoV‐2 is a new strain of coronavirus that has never been found in humans before. At present, the whole‐genome sequencing of the virus has been completed.[^6^](#jmv26384-bib-0006){ref-type="ref"} However, changes in the disease, diagnosis, treatment, and prognosis are not well understood. Influenza viruses (including influenza A and B) are another cause of contagious respiratory disease. The clinical manifestations of COVID‐19 and influenza are very similar; both can lead to increased mortality, with COVID‐19 having a higher mortality rate than influenza.[^7^](#jmv26384-bib-0007){ref-type="ref"}, [^8^](#jmv26384-bib-0008){ref-type="ref"} The mortality rate of severe COVID‐19 is significantly increased.[^9^](#jmv26384-bib-0009){ref-type="ref"} Therefore, it is very important to distinguish between COVID‐19 and influenza early and to carry out appropriate treatment. The present study analyzed data from COVID‐19 and influenza patients in an attempt to find patterns regarding the development of these diseases to provide useful information for clinical diagnosis and treatment.

Analysis of peripheral blood parameters revealed significant differences between COVID‐19 and influenza patients in many indicators. These included age, WBC count, PLT count, NE%, LY%, MO%, EO%, BA%, NE\#, and MO\#. In addition, many indicators in the severe COVID‐19 and influenza groups were significantly different from the common COVID‐19 group, such as NE%, LY%, EO%, BA%, NE% abnormal rate, LY% abnormal rate, and EO% abnormal rate. Many indicators in the influenza group were intermediate to the severe COVID‐19 and common COVID‐19 groups, such as NE%, LY%, EO%, BA%, LY\#, EO\#, and BA\#.

Monocytes and macrophages play central roles in the immune response of humans and in protecting the body from influenza infection. They are necessary for the influenza virus to infect lymphocytes and regulate lymphocyte apoptosis by synthesizing and expressing viral neuraminidase.[^10^](#jmv26384-bib-0010){ref-type="ref"} Increased numbers of peripheral blood monocytes have been found in patients with influenza.[^11^](#jmv26384-bib-0011){ref-type="ref"} The decrease in eosinophils and basophils may be due to the stress response in the case of acute lung injury caused by a viral infection, wherein glucocorticoid secretion in the bone marrow would suppress the release of eosinophils and basophils. During the later stages of COVID‐19, eosinophils continue to increase in number and this is synchronous with improvements in radiology and symptoms.[^12^](#jmv26384-bib-0012){ref-type="ref"}

This study showed that the peripheral blood MO\# of the patients with influenza was significantly higher than that of the patients with COVID‐19. The BA\# in the COVID‐19 group was lower than that in the control group, whereas the BA\# in the patients with influenza was lower than that in the patients with COVID‐19. Two parameters, MO\# and BA%, were combined to derive an equation using logistic regression analysis. The AUC was found to be 0.772 according to the ROC curve. This diagnostic formula could help physicians differentiate between COVID‐19 and influenza.

Many viral infections can cause thrombocytopenia. Both MERS and SARS can cause peripheral blood PLT reduction.[^13^](#jmv26384-bib-0013){ref-type="ref"}, [^14^](#jmv26384-bib-0014){ref-type="ref"} In this study, patients with COVID‐19 also showed significantly lower PLT counts, and the PLT count of severe COVID‐19 patients was significantly lower than that of common COVID‐19 and influenza patients. PLT count is an independent risk factor for COVID‐19.[^15^](#jmv26384-bib-0015){ref-type="ref"} This study also found that the severe COVID‐19 group was older and had a higher percentage of men than that of the common COVID‐19 and influenza groups. The age of the patient can be related to the prognosis of the disease.[^16^](#jmv26384-bib-0016){ref-type="ref"} Previous studies have shown that men are more susceptible to SARS‐CoV‐2 and have a higher mortality rate, which is related to endogenous testosterone.[^17^](#jmv26384-bib-0017){ref-type="ref"}

Studies have shown that liver injury is common in patients with COVID‐19[^18^](#jmv26384-bib-0018){ref-type="ref"} and autopsy results of patients with COVID‐19 have shown hepatocyte degeneration, neutrophil infiltrating focal necrosis, lymphocytes and mononuclear cells in the hepatic lumen area, cell infiltration, and microthrombosis. Liver injury is associated with longer hospital stays and may be related to the prognosis of patients with COVID‐19. Some COVID‐19 patients without a history of liver disease are found with a liver injury before using any medication.[^19^](#jmv26384-bib-0019){ref-type="ref"} This study showed that during the early stage of the disease, the TP and ALB in the severe COVID‐19 group were lower than in the common COVID‐19 group, whereas the CRP, GGT, ALT, and AST were significantly higher. These indicators are significant in their ability to predict, in the early stage of the disease, patients who will develop severe COVID‐19. During the early stage of COVID‐19, LDH and CK in the severe COVID‐19 group were significantly higher than in the common COVID‐19 group. The decreases of LDH and CK in serum are related to the elimination of viral messenger RNA (mRNA), with the COVID‐19 viral mRNA clearance time positively correlated with a hospital stay. Decreases in LDH and CK may indicate a good prognosis for COVID‐19.[^20^](#jmv26384-bib-0020){ref-type="ref"}

In summary, COVID‐19 and influenza can cause different changes in peripheral blood parameters, which should be considered in the early stages of COVID‐19 and influenza. The diagnostic formula developed in this study should help us to enable differentiation of COVID‐19 and influenza during their early stages.
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